Introduction
Traditionally, CINV has been the most-feared toxicity of chemotherapy for cancer patients. 1 The magnitude is less than it was 30 years ago, but the problem still exists. Before modern antiemetics, highly emetogenic chemotherapy would cause vomiting on the first day of therapy in virtually all patients, and moderately emetogenic chemotherapy would cause vomiting in at least half of patients. For the more emetogenic agents, vomiting would persist into the delayed period in a significant number of patients. Delayed vomiting may even have affected more patients than acute vomiting.
Modern antiemetics have markedly decreased the incidence and severity of CINV.
Vomiting has been decreased by as much as 80-90% for the most emetogenic chemotherapy. 2 However, some vomiting is still present in a significant number of patients.
At least 25-50% of patients still have at least some nausea and vomiting. 3 
Risk factors for CINV
The most important factor in determining if CINV will occur is the chemotherapy itself. Not all chemotherapies have the same propensity to induce nausea and vomiting (Table 1) . Highly emetogenic agents, such as cisplatin, would induce vomiting in virtually all patients if no antiemetics were given. However, other chemotherapeutic agents are associated with minimal or no CINV. It is important to understand the level of risk for the chemotherapeutic regimen that is being used to design an antiemetic regimen that matches the emetogenicity of the chemotherapy itself.
There are patient characteristics that modulate the emetic response. Knowing these characteristics enables us to understand which patients may require extra attention to obtain good control of nausea and vomiting. Younger patients are more likely to vomit than Chemotherapy-Induced Nausea and Vomiting (CINV)
older patients, given the same chemotherapy. 4 An inverse relationship exists between emetogenic potential and age (excluding newborns). More problems with nausea and vomiting will tend to occur with patients who are adolescents or in their 20s or 30s than with patients in their 60s, 70s, or 80s. We need to be more vigilant and perhaps more aggressive in our antiemetic management of younger patients. Given the same chemotherapy, women will vomit more than men. 5, 6 The reason for this difference is unknown, but it has been consistently found. The mechanism of this phenomenon is unknown, although it is unlikely to be a direct effect of alcohol or chronic exposure to alcohol. Alcohol itself does not induce protection from vomiting, and acute intoxication would not help the patient. However, a tendency toward alcoholism may reflect important differences in neurotransmitter receptor pathways between different patients. Delayed nausea and vomiting is more common with chemotherapies classified as high-moderate or highly emetogenic. The use of antiemetic is usually not required in patients receiving minimal or low emetogenic chemotherapy.
Because acute vomiting and delayed vomiting have different remedies, they must be distinguished. They both involve multiple neurotransmitter and neurotransmitter receptor pathways, the serotonin pathways, the neurokinin pathways, steroid-related pathways, and reminder may activate this learned response. In essence, it is an almost Pavlovian reflex in which a nonphysical stimulus will lead to a certain predictable response. Anticipatory vomiting is misnamed, as it is a learned response that could occur at any time before, during, or after chemotherapy. If a patient who had a previous bad response to chemotherapy receives a second cycle of chemotherapy and has persistent nausea and vomiting that is not responding to standard emetic agents, one must consider that a learned response might be part of that reaction.
Agents such as benzodiazepines are effective against learned responses. When a learned response has taken hold, it may be best to add a benzodiazepine rather than another antidopaminergic, antiserotonergic, or NK-1-blocking agent. The best way to prevent a learned response is not to learn it at all. In any area of supportive care, prevention is much more effective than treatment.
Nausea and vomiting are considered breakthrough or refractory when they have not responded to standard antiemetic agents. A learned response should be considered as an additional factor. Other causes of nausea and vomiting rather than the chemotherapy should also be considered. A patient receiving chemotherapy can still experience nausea and vomiting unrelated to treatment from causes such as bowel obstruction, brain metastases, gastroenteritis, or electrolyte abnormalities, all of which would need to be addressed in different ways.
Patients with refractory CINV might benefit from rotation of antiemetics. The best rotation strategy is to move to a family of antiemetic agents that have not been tried previously. For example, if a patient had already received an antiserotonergic agent, a corticosteroid, and an NK-1-blocking agent, then an antidopaminergic agent might be given to see if it would be more effective. 9
Mechanisms of chemotherapy-induced nausea and vomiting and antiemetic agents
The emesis reflex has evolved to defend against ingested toxins, and it is widespread in the animal kingdom. 10 Since chemotherapeutic agents are toxins, emesis is a common side effect of anticancer therapies; nausea and vomiting are especially pronounced with DNA alkylating agents, such as cyclophosphamide, cisplatin, and carmustine.
The emetic response has several key stages. Importantly, the emetic center is not an anatomically distinct center, but rather a network of loosely organized neurons throughout the medulla oblongata that is activated sequentially during emesis. 12 The emetic center receives signals through afferents from the GI tract, higher cortical centers, vestibular centers, and the area postrema (figure1). Consolidation of these signals at the emetic center and a subsequent output through vagal efferents to the abdominal muscles, diaphragm, and stomach results in the emetic response. The emetic response involves several transmitters, 3 of which have been the focus of drug development:
dopamine, serotonin, and substance P(SP). 
Treatment of CINV
Since the 1990s, CINV treatment has included the use of corticosteroids. The most commonly used corticosteroid has been dexamethasone. Dexamethasone acts through multiple mechanisms that are not well understood. 10 One hypothesis suggests that it may increase the low cortisol levels associated with nausea and vomiting. Additionally, corticosteroids are known to be anti-inflammatory, since they block prostaglandins and release endorphins, which can make patients feel better. Corticosteroids are still part of current CINV therapy 13 ; they are not typically used by themselves, but their efficacy is additive when they are combined with other antiemetics. 10 Early treatments of CINV also used dopamine D2 receptor antagonists, with metoclopramide being the most common. 14 Metoclopramide is thought to act on the periphery, the CTZ, and the emetic center. 15 Also, metoclopramide is a weak 5-HT3 receptor antagonist, 16 which has led to some postulation that this activity may account for some of antiemetic effects seen with metoclopramide. 
Newer Treatment of CINV

The Unique Pharmacology and Clinical Profile of Palonosetron
Palonosetron is a second-generation 5-HT3 receptor antagonist with a unique pharmacology that has been consistently superior at preventing delayed emesis compared to other 5-HT3 receptor antagonists. 20 Palonosetron is the only 5-HT3 receptor antagonist that is labeled for both acute and delayed emesis; the other 5-HT3 receptor antagonists are labeled only for acute emesis. Palonosetron exhibits a higher binding affinity and a longer plasma half-life than other agents in its class. The binding of palonosetron is 30-fold and 100-fold more potent than granisetron and ondansetron, respectively. 21 Further, palonosetron has a plasma half-life of approximately 40 hours; the half-life of granisetron and ondansetron is 5-fold to 10-fold shorter. 22 However, differences in binding affinity and plasma half-life do not explain palonosetron's unique ness in the clinic. If its effects on delayed emesis were due to palonosetron being a more potent compound, giving more of the weaker drug would have the same effect. Similarly, if its efficacy were the result of longer half-life alone, a drug with a shorter half-life that was administered more frequently would be equally efficacious. However, ondansetron could not mimic palonosetron's efficacy when given at higher doses and beyond 24 hours after chemotherapy. 23 Binding of palonosetron exhibited positive cooperativity, meaning that when one palonosetron molecule binds, it increases the affinity of the receptor for a second palonosetron molecule. These traits were unique to palonosetron and were not seen with ondansetron or granisetron, which exhibited simple bimolecular binding. Given the efficacy of palonosetron on delayed emesis and its ability to internalize the 5-HT3 receptor, the question that emerged was whether palonosetron could indirectly block the NK-1 signaling pathway. Rats were used to test if palonosetron, ondansetron, or granisetron could block NK-1 receptor responses in nodose ganglia, the ganglia associated with the vagal afferents discussed above. The rats were given cisplatin, and 10 hours later, the neuronal response to SP was measured. The rats were then given an intravenous dose of ondansetron, granisetron, or palonosetron. The antagonists were allowed to wash away, and the neuronal response to SP was measured again. 27 Palonosetron, but not ondansetron or granisetron, inhibited the NK-1 agonist response as measured through SP. The results showed that exposure to palonosetron inhibited the NK-1 agonist response in vivo.
More recent studies showed that when palonosetron and an NK-1 receptor antagonist were administered together, they could inhibit the SP response with a synergistic effect. 9
